Alteration of the rabbit serum lipids as a result of three bacterial infections was studied by quantitative thin-layer and gas-liquid chromatography. Anthrax infection slightly changed the serum lipid. Cholesterol did not change, though free fatty acids, triglycerides, and cholesteryl esters doubled, and lecithin increased threefold. Tularemia infection produced drastic changes in the serum lipid content of rabbits, increasing levels of cholesterol over 4-fold, free fatty acids 17-fold, triglycerides 11-fold, cholesteryl esters 2.5-fold, and lecithin almost 3-fold. Pneumococcus infection increased cholesterol 2.5 times, free fatty acids were more than doubled, triglycerides were increased 9.5 times, and lecithin was increased almost 4 times. Gas-liquid chromatographic analysis of the methyl esters of free fatty acids showed only quantitative changes in these acids due to infection. Some possible mechanisms of alteration of serum lipid content are discussed.
cholesteryl esters 2.5-fold, and lecithin almost 3-fold. Pneumococcus infection increased cholesterol 2.5 times, free fatty acids were more than doubled, triglycerides were increased 9.5 times, and lecithin was increased almost 4 times. Gas-liquid chromatographic analysis of the methyl esters of free fatty acids showed only quantitative changes in these acids due to infection. Some possible mechanisms of alteration of serum lipid content are discussed.
Previous studies have shown that composition of plasma or serum lipids is influenced by several factors. For example, the concentration of serum cholesterol in mice varies according to strain and sex (2) . Genetic factors also have been reported to influence the concentrations of cholesteryl esters and phospholipids of mouse plasma (23) . Changes in diet altered the serum lipids of rats (7) . Hydrocortisone feeding increased the concentrations of free fatty acids, cholesterol, phospholipids, and triglycerides in rabbit serum (8) . Pregnancy resulted in lipid changes in rat serum, elevating concentrations of the free fatty acids, triglycerides, cholesterol, and phospholipids (12) .
Acute ethyl alcohol intoxication of rats was found to produce an increase in the total lipids of liver (13) . Later it was found that mainly triglycerides of liver were increased as the result of ethyl alcohol administration (4) . Ethionine administration in rats decreased the plasma esterified fatty acids, phospholipids, and cholesterol, but doubled the free fatty acid concentration and increased the triglyceride content of the liver as much as five times above normal (9) . Similar findings were reported in rabbits (1) . Nicotinic acid injection of dogs increased the concentrations of plasma fatty acids; however, nicotinic acid homologues or metabolites failed to do so. This increase was parallel to a rise in corticosterone level in the plasma. Removal of adrenal and pituitary glands from rats did not increase free fatty acid concentration after nicotinic acid injection (15) .
The intravenous injection of rabbits with bacterial endotoxin has been reported to alter plasma lipids (10) .
This study was undertaken to determine the serum lipid alteration due to acute bacterial infections.
MATERIALS AND METHODS
Cultural procedures and inoculation of rabbits.
Bacillus anthracis JZB Ohio strain was transferred from stock culture to 10 ml of Heart Infusion Broth (HIB) containing 0.5% glucose. After 36 hr of incubation at 36 C, the culture was centrifuged and resuspended in 3 ml of fresh HIB; 0.25 ml of this suspension was injected subcutaneously into each of seven rabbits.
Francisella tularensis (Pasteurella tularensis) Smith strain was grown for 42 hr on a glucose cystine-blood agar slant in a candle jar at 37 C. The growth was washed off with 4 ml of 0.85% saline; 0.1 ml of the suspension was injected subcutaneously into each of seven rabbits.
Diplococcus pneumoniae type IV Venter strain was transferred serially twice from stock culture onto Heart Infusion Agar with 5% rabbit blood to enhance virulence. After 18 hr of incubation at 37 C, the growth from the second transfer was harvested from four blood-agar plates with 10 ml of 0.85% saline; 0.5 ml of the suspension was injected subcutaneously into each of eight rabbits. Before injection, all bacterial suspensions were examined for purity by Gram stain.
New Zealand white rabbits that weighed 6 to 8 lb and were 5 to 6 months old were used throughout the study. Water was supplied to rabbits throughout the 1615 on September 23, 2017 by guest http://jb.asm.org/ Downloaded from experiment, but the food was removed immediately after inoculation. The rabbits were bled by cardiac puncture before inoculation and again after challenge when they appeared to be acutely ill. The time was 36, 39, and 77 hr after challenge with B. anthracis, F. tularensis, and D. pneumoniae, respectively. An uninfected control rabbit in each group was bled at the same time as the infected rabbits. All blood samples were cultured for the presence of infectious organisms.
To determine the effect of starvation on serum lipid composition, blood samples were taken from eight uninfected rabbits before and after 72 hr of starvation.
Preparation of the serum and total lipid extraction. Blood samples from the rabbits were left overnight at 4 C; then the sera were separated by centrifugation and stored at -20 C. The total lipids were extracted from 10 ml of each serum sample in a separatory funnel with 100-ml portions of chloroform-methanol (2:1). After evaporation of the solvent under nitrogen at 55 C, the lipids were dissolved in 100 ml of hexane- For the preparation of the phospholipids and free fatty acids, preparative TLC was used. A total of 300 ,uliters of the serum total lipid extracts was applied to each plate in several spots to form straight lines at the origin. These plates were coated with Silica Gel G to a thickness of 0.5 mm. The plates were developed in the manner described above, after which they were air dried and sprayed with 0.04%0 2',7'-dichlorofluorescein in methanol prepared by the method of Parker and Peterson (14) . The locations of the phospholipids and free fatty acids were marked under shortwave ultraviolet light. Phospholipids were scraped from the plates, eluted with chloroformmethanol (2:1), dried under nitrogen, and dissolved in 0.5 ml of chloroform-methanol (2:1). Next, 10 ,lAiters of the phospholipids was applied to Silica Gel G plates (0.25 mm thickness) and developed in ascending manner in rectangular tanks lined with filter paper. The solvent system for separating the individual phospholipids consisted of chloroformmethanol-water-acetic acid (65:25:4:1). The phospholipids were demonstrated in the same manner described for neutral lipids. The quantitative TLC method of Schlierf and Wood (17) was used.
Gas-liquid chromatography (GLC). Free fatty acid fractions were scraped from the preparative TLC plates and esterified directly with 10 ml of methanol containing 5%0 perchloric acid for 30 min in a 55 C water bath. After removal of silica gel by filtration, 30 ml of distilled water was added to the filtrate and the methyl esters were extracted three times with hexane-ether (1: 1). The combined extracts were washed with distilled water, dried over anhydrous sodium sulfate, dissolved in 0.5 ml of hexane, and stored in screw-cap test tubes at -20 C. Methyl esters were analyzed by use of a model 5000 gas chromatograph (Barber-Colman Co., Rockford, Ill.) equipped with a hydrogen-flame ionization detector. Nitrogen was the carrier gas. Both a polar and a nonpolar column were used. Temperature conditions of the instrument for the nonpolar column were: column, 180 C; detector, 290 C; injector, 290 C. The nonpolar column was a 6-ft (1. The methyl esters of fatty acids were identified by their retention times compared to those of known standards (obtained from Hormel Institute, Austin, Minn., and Applied Science Laboratories, Inc., State College, Pa.) on both columns.
The quantitative data were obtained by determining the ratio of the area of corresponding peaks in rabbits before and after infection. The area under each peak was determined by multiplying the peak height by the width at half height.
RESULTS
The blood samples from four of the seven rabbits inoculated with B. anthracis, seven of the eight rabbits inoculated with D. pneumoniae, and all eight rabbits inoculated with F. tularensis were positive by culture for the organisms used for inoculation. In contrast to normal rabbits, most challenged rabbits died shortly after bleeding.
Five major lipid fractions were found in rabbit serum: phospholipids, cholesterol. free fatty acids, triglycerides, and cholesteryl esters. Phospholipid fractions stayed at the point of application on the thin-layer plates, while cholesterol, free fatty acids, triglycerides, and cholesteryl esters had RF values increasing in the order listed. Small amounts of other lipids such as monoglycerides and diglycerides also were present but were not considered in this study. Figures 1 and 2 show the TLC chromatograms of serum lipids of rabbits before and after tularemia and pneumococcus infection, along with the known amounts of reference standard mixture. Good separation of classes of serum lipids was obtained. No qualitative changes were found in the serum lipids of rabbits after infection. Starvation did not affect the phospholipids but decreased cholesterol and cholesteryl esters slightly, decreased triglycerides considerably, and increased free fatty acids to some extent. The average ratios of cholesterol, cholesteryl esters, triglycerides, and free fatty acids in animals after starvation to fractions before starvation were 0.87, 0.83, 0.50, and 1.25, respectively. All three bacterial infections seemed to increase concentration of most lipid fractions. Table 1 shows the mean plus or minus standard deviation of the lipids for each group of rabbits before and after infection. Two samples were run for each rabbit before and after infection and the average values of the two experiments were used. the changes which occurred as a result of the infections. There were differences in the concentrations of the serum lipid fractions among individual rabbits in each group before infection. It seemed appropriate to compare the serum lipid of each rabbit before infection with the serum lipid of that rabbit after infection. The response to the same infection varied among rabbits. Anthrax infection raised cholesterol, free fatty acids, triglycerides, and cholesteryl esters, but only free fatty acids rise was significant. Tularemia infection raised all of the lipid levels considerably. The rise of triglyceride was highly significant (1 % level), and cholesterol, free fatty acids, and cholesteryl esters increased significantly (5 % level). The pneumococcus infection raised free fatty acids, cholesterol, and triglyceride; the changes of cholesterol and triglyceride were highly significant and free fatty acids increased significantly.
Preparative TLC of the free fatty acids and phospholipids yielded a good separation of these fractions from the other lipid classes. A TLC demonstrating this separation is shown in Fig. 3 . The values for lecithin in Table 1 (1, 2, 3, and 4) lipids of rabbit serum; (5) a reference mixture containing C, D, E, and F.
were not recovered. A typical TLC of the phospholipids, together with the known standard mixture, is shown in Fig. 4 . Apparently sphingomyelin underwent partial oxidation during the extraction procedures and produced two close spots on TLC plates. These spots may correspond to the oxidized and nonoxidized sphingomyelin. The standard sphingomyelin subjected to slight oxidation by air and heat produced the two spots on TLC plates. Among the phospholipids, the greatest differences were found in the concentrations of lecithin. This fraction increased most with pneumococcus infection; the average increase was almost four times that shown by a   FIG. 4 . Thin-layer chromatogram of serum phospholipids with stanidard references. Layer, Silica Gel G; solvent system, chloroform-methianol-water-glacial acetic acid (65:25:4:1); color reagent, phosphomolybdic acid. Spots: A, lysolecithini; B, sphingomyelin; C, lecithin; D, phosphotidyl ethanolamine. (1) A reference mixture containing C; (4) a reference mixture containing B; (5) a reference mixture containing A, C, and D; (2) serum phospholipids of rabbit no. 3 before anthrax infection; (3) serum phospholipids of rabbit no. 3 after anthrax infection; (6) serum phospholipids of rabbit no. S before anthrax infection; (7) serum phospholipids of rabbit no. 5 after anthrax infectioni. serum taken prior to infection. The increase in the concentration of lecithin in tularemia is lower than in anthrax and pneumococcus infection, whereas all other lipid fractions increased more in tularemia.
GLC analysis showed no qualitative change in the free fatty acids as a result of various infections, and there were only quantitative changes evident. Myristic, palmitic, palmitoleic, stearic., oleic, linoleic, and linolenic acids were the major fatty acids found in the free fatty acid fraction in samples from both infected and control animals recovered from the preparative TLC plates. A typical gas-liquid chromatogram is shown in Fig. 5 . In pneumococcus-infected rabbits, the average increase for palmitic acid over that found before infection was more than other acids. However, in anthrax and tularemia rabbits, stearic acid had the highest increase over the control animals.
DIscussIoN
Free fatty acids in plasma are supplied by the diet or by lipase action on the triglyceride of adipose tissue and fat depots. Free (11) . Staphylococcal toxin had an inhibitory effect on the activity of postheparin lipoprotein lipase which, in turn, resulted in elevation of triglycerides.
Except for small amounts of free fatty acids, plasma lipids are present in the form of lipoproteins. The bonds between proteins and lipids are relatively weak, and the lipids are easily extractable with organic solvents. The proteins play an important role in transport of lipids from the adipose tissue via plasma to liver.
The use of TLC for serum lipids determination has some advantages over the other available methods. It is a simple and rapid method and gives an overall picture of the major lipid classes. In addition, the interference with lipid determination by other materials present in blood is eliminated, and the hydrolysis of some lipid fraction during the assay is avoided. The error for determination of cholesterol, free fatty acids, triglycerides, and cholesteryl esters, when 4 to 40 jug of these compounds were measured, were +8.6, ±7.5, ±6.6, and ±7.3%, respectively, in the present study. Schlierf and Wood (17) found a good agreement between quantitative TLC of serum lipids and other available quantitative methods.
The present experiments provide evidence that various bacterial infections of rabbits affect the lipid metabolism. Under the conditions of our experiments, each of the three bacterial infections altered the serum lipids in a different manner. The alteration in anthrax was less severe than in tularemia and pneumococcus infection. The increase in lipid fractions after infection could be due to one or more of the following factors: (i) increase in the rate and amount of lipid synthesis (ii) decrease in clearance of lipids from the plasma, and (iii) release from the tissues and organs into the blood.
There are many possible mechanisms by which the plasma lipids could increase. For example, the hormones influence the adipose tissue function by stimulating the lipolytic acitivity of the enzymes on triglyceride. Various bacterial antigens, endotoxins, or metabolites may have different effects on the rate of hormone production. Epinephrine injection has increased hepatic triglyceride of dogs and free fatty acids of human serum (5) . Incubation of rat adipose tissue with corticotropin in rat plasma medium increased the concentration of free fatty acids in the incubation medium, whereas thyroid-stimulating hormone had a low-stimulating lipolytic activity (21) . The subcutaneous injection of adrenaline had a lipolytic effect on fat depots of rabbits and resulted in an increase of triglycerides (20) . Al-1619 VOL. 95, 1968 on September 23, 2017 by guest http://jb.asm.org/ Downloaded from though determination of hormone levels was not made in the present study, the stress of acute infection may be expected to alter the hormone balance.
Since liver has an important role in regulation of plasma lipids, the extent of the damage to this organ by each infection may determine its function. Decrease in hepatic lipid catabolism or increase in de novo synthesis of lipids will increase the lipid content of liver which, in turn, elevates the lipid content of plasma. The damage to liver may be caused by the bacterial endotoxins. Intravenous injection of meningococcal toxin into rabbits caused necrosis of kidneys, and cortisone enhanced the lethal effect of toxin. Cortisone and ACTH aggravated the generalized Shwartzman reaction induced by this toxin (19) . Intravenous injection of rabbits with endotoxin derived from Serratia marcescens or Escherichia coli produced lesions in liver, kidneys, lungs, and spleen. Moreover, a four-to ninefold increase in average plasma triglycerides concentration and a rise in free fatty acid concentration have been reported (10) .
The enzymatic activity of some infectious bacteria may result in lipid increase in serum. This could be a direct or an indirect effect. Virulent strains of F. tularensis have been reported to contain citrulline ureidase and glutaminase (6) . The blood of tularemic rats showed a decrease in 12 amino acids compared to normal rats (22) Also a decrease was seen in total serum protein and glucose content of tularemic rats (16) . Carbohydrates have been shown to decrease the fatty acid turnover in plasma (3). The decrease in glucose content of serum will increase the fatty acid. The enzymatic action of virulent bacteria on the protein may result in separation of the lipids from lipoprotein and thus an increase in lipids.
Additional experiments are needed to establish whether one or more of these mechanisms were responsible for the lipid changes induced by the bacterial infections reported here.
